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ABSTRACT 


Methylated  bovine  serum  albumin  has  previously  -en  shown  to 
"mask"  reversibly  the  infe-'tivity  of  infectious  ribonucleic  acid 
(IRNA)  from  Venezuelan  equine  encephalitis  (VEE)  virus  and  to  pro¬ 
tect  the  nucleic  acid  against  inactivation  by  micrococcal  nuclease. 
In  studies  reported  here,  the  effects  of  several  other  basic  pro¬ 
teins  and  synthetic  polyamino  acids  on  the  infectivity  of  VEE-IRNA 
and  eastern  equine  encephalitis  virus  IRNA  have  been  compared. 
Quantitative  differences  were  observe1,  among  the  proteins  and  the 
polyamino  acids  in  their  capacity  to  .over  infectivity.  Polylysine 
and  polyornithine  completely  masked  nf activity,  as  measured  by 
plaque  formation,  when  present  in  only  0.01  to  0.001  times  the 
concentration  required  for  proteins  to  be  effective.  The  original 
infectivity  of  the  IRNA  before  treatment  was  recovered  when  the 
polylysine-IRNA  complex  was  treated  with  pronase,  indicating  that 
the  presence  of  the  polyamino  acid  did  not  degrade  the  infectious 
unit.  Protection  of  IRNA  against  inactivation  by  pancreatic 
ribonucleasc  was  also  demons*- -a  ted  in  the  presence  of  polylysine, 
providing  further  evidence  tnat  a  complex  was  formed  between  the 
nucleic  acid  and  the  polyamino  acid. 
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EFFECTS  OF  BASIC  PROTEINS  AND  POLYAMINO  ACIDS  ON  INFECTIOUS  RNA 
OF  EQUINE  ENCEPHALITIS  VIRUSES 


The  adsorption  of  ribonucleic  acids  (RNA)  on  columns  of  methylated 
bovine  serum  albumin  (MBSA) -  kieseiguhr  was  shown  by  Mandell  and  Hershey1 
to  be  dependent  on  salt  concentration,  Plescia  et  al.2  showed  that  MBSA 
forms  complexes  with  many  species  of  nucleic  acids.  Recently,  Norrell 
and  Costlow3  reported  that  the  infectious  RNA  (IRNA)  of  Venezuelan  equine 
encephalitis  (VEE)  virus  formed  a  noninf ectious  complex  with  0.1%  MBSA 
at  low  concentrations  of  NaCl  and  that  complex  formation  and  loss  of 
infectivity  were  reversed  when  the  salt  concentration  was  increased 
to  1  M.  In  related  studies  in  our  laboratory,  we  examined  the  effect  of 
pancreatic  ribonuclease  on  the  MBSA-IRNA  complex  and  investigated  the 
comparative  abilities  of  other  basic  proteins  and  some  synthetic  polyamino 
acids  to  form  complexes  with  IRNA. 

The  IRNA  preparations  used  here  were  extracted  with  hot  phenol  and 
sodium  dode  -  sulfate  from  VEE  or  eastern  equine  encephalitis  (EEE) 
virus  that  was  partially  purified  from  supernatant  growth  medium  of 
infected  chick  fibroblast  (CF)  monolayer  cultures.  The  preparations  had 
specific  infectivities  of  approximately  1  x  10^  plaque -forming  units  (pfu) 
per  pg  of  RNA.  RNA  was  determined  quantitatively  by  measuring  the  optical 
density  of  concentrated  samples  at  260  mp.  Infectivity  was  assayed  by 
plaque  formation  in  monolayer  cultures  of  CF  cells  that  were  pretreated 
with  hypertonic  NaCl.4 

Table  1  shows  data  from  a  typical  study  of  the  effect  of  pancreatic 
ribonuclease  on  a  complex  of  VEE-IRNA  and  MBSA.  Final  concentrations 
of  the  various  components  in  the  incubation  mixtures  were  1  mg  MBSA/ml, 
approximately  0.5  pg  IRNA/ml,  and  0.01  pg  ribonuclease/ml.  Incubation 
was  at  4  C  in  phosphate  buffer,  and  samples  were  diluted  100-fold  in  1  M 
NaCl  immediately  following  incubation  to  stop  ribonuclease  activity  and  to 
dissociate  the  MBSA-IRNA  complejc.  When  diluted  in  isotonic  NaCl,  infectivity 
of  the  IRNA  in  the  presence  of  MBSA  was  less  than  1  x  102.7  pfu/ml. 

Although  the  enzyme  treatment  inactivated  99.9%  of  the  control  IRNA 
without  MBSA,  there  was  no  significant  loss  of  infectivity  of  the  IRNA 
that  had  been  complexed  with  MBSA  during  the  enzyme  treatment. 

The  very  high  proportion  of  MBSA  to  RNA  required  to  obtain  complete 
masking  of  infectivity  was  a  disadvantage  in  some  of  the  studies  planned. 
Therefore,  we  examined  some  other  basic  proteins  and  a  synthetic  polyamino 
acid,  polylysine,  for  their  capability  to  form  reversible  complexes  with 
IRNA.  Table  2  shows  results  from  a  typical  study  with  a  number  of  proteins 
each  at  a  concentration  of  100  pg/ml.  The  proteins  were  mixed  with  aliquots 
of  a  sample  of  VEE-IRNA  in  isotonic  NaCl  at  room  temperature.  Duplicate 
aeta  oi  dilutions  were  then  prepared  in  0.15  M  and  1.0  M  buffered  NaCl 
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TABLE  1.  PROTECTION  OF  METHYLATED  BOVINE  SERUM  ALBUMIN  OF 
VEE-IRNA  AGAINST  RIBONUCLEASE 


Composition 
of  Sample 

Ribonuc  leased 

Titer, 

pfu/ml 

IRNA 

None 

1  x  106-1 

IRNA  +  MBSA  (1  mg/ml) 

None 

1  X  il/v.J. 

IRNA 

0.01  ug/ml 

<1  x  103.0 

IRNA  +  MBSA  (1  mg/ml) 

0.01  |ig/ml 

1  x  106.0 

1.  Rihonuclease  was  Worthington  pancreatic  (3X  crystallized).  All 
samples  were  incubated  for  5  minutes  at  4  C.  Samples  were  diluted 
100-fold  in  1  M  NaCl  immediately  following  enzyme  treatment  to  stop 
nbonuc lease  activity. 


for  assay  on  CF  monolayers  that  had  been  pretreated  with  hypertonic  NaCl. 

As  seen  here,  methylated  bovine  gamma  globulin  (MBGG),  two  different  lots 
of  histone  from  calf  thymus,  and  polylysine  at  190  ug/®l  were  more  effective 
than  MBSA  in  masking  infectivity  of  the  1RNA.  However,  in  the  presence  of 
these  more  effective  compounds,  the  original  infectivity  of  the  IRNA  was 
not  recovered  by  raising  the  salt  concentration.  Thus,  it  was  not  clear 
from  these  data  whether  the  loss  of  infectivity  was  caused  by  denaturation 
of  the  IRNA  or  by  failure  to  dissociate  a  complex.  We  chose  to  confine 
our  efforts  to  studies  with  histone  and  polylysine,  which  were  the  most 
effective  substances  in  masking  infectivity  at  a  concentration  of  100  pg/ml. 


TABLE  2.  COMPARISON  OP  EFFECT  OF  BASIC  PROTEINS  IN  REVERSIBLE 
MASKING  OF  INFECTIVITY  OP  VEE-IRNA 


Protein, 

tun 

100  ug/ol 

Diluted  in  0.15  M  NaCl 

Diluted  in  1  M  NaCl 

None 

i  x  105.7 

1  x  105*8 

Lysozyme 

1  x  105-8 

1  x  105.9 

Methylated  albumin 

1  x  105.1 

l  x  105.5 

Methylated  gamma  globulin 

1  x  104*1 

1  x  10**8 

Hie  tone  Afe/ 

<1  x  10*. 7 

1  x  103.7 

Histone  fl!*/ 

<1  x  1Q2.7 

1  x  103«3 

Frlylyiioe 

<1  x  102.7 

<1  x  102.7 

a.  All  samples  were  assayed  on  monolayer  cultures  of  CF  cells  that  had 
been  pretreated  with  hypertonic  NaCl* 

b.  Histone  A  and  B  were  two  different  lota  of  histone  from  calf  thymus . 
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Preliminary  determinations  were  made  with  these  subst-nces  to  ascertain 
the  minimal  concentrations  required  to  effect  significant  loss  of  infec- 
tivity.  Figure  1  shows  data  obtained  when  a  sample  of  EEE-1RNA,  at  a 
concentration  of  approximately  1  pg/ml  and  1  x  10^.7  pfu/ml,  was  incubated 
for  5  minutes  at  room  temperature  with  histone  at  the  indicated  con¬ 
centrations.  Samples  were  incubated  in  isotonic  NaCl  and  then  assayed  from 
the  isotonic  diluent.  A  quantitative  relationship  can  be  observe'4  ^r.ween 
histone  concen  L  a  u  LJ.UII  ana  loss  of  iuitrcti vity.  Also,  90%  of  the  infectivity 
was  lest  when  histone  was  present  in  a  concentration  10  times  that  of  the 
IRNA.  Similar  results  were  obtained  in  experiments  with  histone  and 
VEE-IRNA. 


Histone  Concentration,  Mg /ml 


on 


Fijur*  1. 


Effect  of  Hi* too?  Conor’. l rat  ion  on  .lualv.ti 
EEC- IRMA. 
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Preliminary  studies  with  polylysine  that  had  a  molecular  weight  range 
of  100,000  to  200,000  showed  that  this  polyau-i.no  acid,  when  present  in  only 
five  to  10  times  the  concentration  by  weight  cf  VEE-  or  EEE-IRNA,  was  capable 
of  masking  more  than  99.9%  of  the  infectivity.  Results  from  a  study  with 
VEE- IRNA  shown  in  Table  3  indicated  even  greater  efficiency  in  effecting 
loss  of  infectivity.  When  polylysine  and  IRNA  were  present  in  approximately 
equal  c  one  er  *■*  on «  by  weight,  only  0.1%  of  the  original  infectivity  was 

detected.  Furthermore,  when  the  polylysine- IRNA  preparation  containing 
1  ug  each  of  polylysine/ml  and  IRNA/ml  was  treated  for  45  minutes  at  37  C 
with  10  units  of  pronase/ml  to  digest  the  polyamino  acid,  the  original 
infectivity  was  completely  recovered. 


TABLE  3.  REVERSIBLE  MASKING  OF  INFECTIVITY  OF  VEE -IRNA  BY  POLYLYSINE 


Poly lvsine  Concn, 
hg/ml 


Ratio  (w:w) 
Polylysine: IRNA 


Titer  of  IRNA, a / 
pf  u/ml 


Untreated 

2 

1 

0.2 

0.1 

None 

After  pronase  treatment^/ 
1 

None 


2:1 

1:1 

1:5 

1:10 


1:1 


<1  *•  m2. 7 
1  x  102*7 
1  x  lO^.o 
1  x  105.8 
1  x  1q5*8 


1  x  105-b 
l  x  10-5*6 


a.  Samples  were  diluted  in  buffered  0.15  M  NaCl  and  assayed  on  monolayers 
of  CF  cells  that  had  been  pretreated  with  hypertonic  NaCl. 

b.  c  raples  were  treated  with  10  units  of  pronaBe/ml  for  45  minutes  at 

3'  C. 


I*  was  of  interest  to  determine  whether  polylysine  protected  IRNA  against 
.Inactive*  ion  by  ribonuclease  in  addition  to  masking  infectivity.  Table  4 
«?■*•«  Cr'a  from  a  typical  experiment  with  VEE- IRNA.  In  thi«  study, 
poly  lysine  was  present  in  approximately  two  times  the  concentration  by 
weight  of  the  IRNA.  Samples  of  IRNA  in  the  presence  and  absence  of  polylysine 
w.  trea'ed  with  0.0U1  pg  of  pancreatic  rlbonuc lease/ml  for  5  minutes  at 
31  C.  then  diluted  and  treated  tor  30  minutes  at  37  C  with  2.5  units  of 
pronasi -'ml  to  digest  the  polyi’  ^ine.  More  than  1C  times  as  much  infectivity 
remained  In  the  polylysine-lRN*  as  in  the  IRNA  alone  after  the  rlbonuc lease 
treatment.  The  pronase  treatment  usee  in  this  experiment  was  not  adequate 
*o  t fleet  complete  reversal  of  the  polylysine  effect.  Therefore,  the  pro- 
tiiti'r  against  rlbonuc lease  may  be  more  effective  than  indlcatec  by  these 
preliminary  results. 


tABLE  4.  PROTECTION  BY  POLYLYSINE  OF  VEE-IRNA  AGAINST  INACTIVATION 
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Results  reported  here  indicate  that  polylysine  does  complex  with  IRNA 
without  irreversibly  altering  the  integrity  of  the  nucleic  acid,  Prlylysine 
was  more  efficient  in  masking  infectivity  than  any  of  the  bas^c  proteins 
studied.  When  the  ratio  of  lysine  units  in  the  polyamino  acid  to 
nucleotide,  units  in  the  IRNA  was  as  low  as  two  to  one,  only  0.1%  of  the 
o- '.gir.al  infer. •  'T'ity  was  detected.  No  quantitative  difference  in  capacity 
tc  form  complexes  with  polylysine  was  observed  between  IRNA  from  VEE  or 
EEE-  virus. 


Ir;  preliminary  studies  to  compare  the  effects  of  polylysine  with  those 
of  polyorrithine,  the  latter  was  quantitatively  less  effective  in  masking 
the  infectivity  of  VEE- IRNA,  Because  the  isoelectric  points  of  lysine 
and  ornithine  ,  ~e  very  similar,  it  appears  that  basicity  was  not  a  factor 
in  the  difference  between  the  effectiveness  of  the  two  polyamino  acids.  The 
difference  between  the  two  in  their  capacity  to  form  complexes  with  IRNA 
may  t>e  influenced  by  on.  or  both  of  the  following  known  differences:  (i) 
the  chain  length  of  the  pclyornithine  was  one-fourth  to  one-half  that  of 
the  polylysine  used,  and  (ii)  the  ornithine  unit  is  shorter  by  one  carbon 
atom  than  the  lysine  unit.  Sober  et  al.s  showed  that  polylysine  and  RNA 
formed  complexes  containing  equivalent  amounts  of  polyamino  acid  and  RNA 
on  a  charge  basis.  It  is  possible  that  the  shorter  length  of  the  units 
in  polyornithine  prevents  it  from  combining  w*  th  RNA  as  efficiently  as 
polylysine. 


Further,  more  detailed  examination  of  the  complexes  considered  here 
and  the  differences  among  them  may  help  to  characterize  the  viral  nucleic 
acid  with  respect  to  its  infectivity. 

Experiments  are  being  conducted  to  compare  the  effects  of  polylysine 
and  pclyornithine  on  IRNA.  Physical  studies  on  the  polyamino  acid  -  IRNA 
complexes  are  also  under  way. 


9 


LITERATURE  CITED 


1.  Mandell,  J.D.;  Hershey,  A.D.  1960.  A  fractionating  column  for  analysis 
of  nucleic  acids.  Anal.  Biochem.  1:66-77. 

2.  Plescia,  C.J.;  Palczuk,  N.C.;  Cora-Figueroa,  K.;  Mukherjee,  A.; 

Braun,  W.  1965.  Production  of  antibodies  to  soluble  RNA  (sRNA). 

Proc.  Nat.  Acad.  Sci.  54:1281-1285. 

3.  Norrell,  S.A.;  Costlow,  R.D.  1967.  Effects  of  methylated  albumin 
on  infectious  RNA:  Reversible  infectivlty  loss  and  resistance  to 
nuclease  digestion.  Biochem.  Biophys.  Res.  Commun.  26:481-485. 

4.  Colon,  J.I.;  Idoine,  J.B.  1964.  Factors  affecting  plaque  formation 
by  the  infectious  ribonucleic  acid  of  the  equine  encephalitis  viruses. 

J.  Infect.  Dis.  114:61-68. 

5.  Sober,  H.A.;  Schlossman,  S.F.;  Yaron,  A.;  Latt,  S.A.;  Rushizky,  G.W. 
1966.  Protein-nucleic  acid  interaction:  I.  Nuclease-resistant 
polylysine-ribonucleic  acid  complexes.  Biochemistry  5:3608-3616. 


3 


Security  CUftsiflcttica 


DOCUMENT  CONTROL  DATA  -RAD 

(Security  cloaoltlcattom  of  tltfo,  text?  at  ait*  tract  mttd  Induing  annotation  ettttl  b*  oniorod  whan  Ota  or*  rati  repot  t  I*  da  *  at  Had) 


1.  OR>0INATIM«  ACTIVITY  (C**p»mf  mt***)  2MU  RC<*ORT  IICURITY  CL  A«*l  flC  ATION 

Department  of  the  Army  Unclassified 

Fort  Detrick,  Frederick,  Maryland,  21701  **•  a*out, 


1.  REPORT  TITLE 

EFFECTS  OF  BASIC  PROTEINS  AND  POLYAMINO  ACIDS  ON  INFECTIOUS  RNA  OF  EQUINE 
ENCEPHALITIS  VIRUSES 


«.  descriptive  NOTES  flfry  •lr»pKi  m4  kKhMlr*  4*Hi) 


•  authORISi  (Firm ln»,  fmitUl.  IhIamJ 

Jane  B.  Idoine 
Richard  D.  Cost  low 


«-  (REPORT  OATS 

March  1968 


tm.  CONTRACT  on  SRANT  MO. 


7i.  total  NO.  or  Dttu  76.  NO.  06  REPS 

13  5 


M.  0«l«INAT0R*S  41704 T  NUMBERISI 


6.  RROJECTNO.  1C014501B71A 


Technical  Manuscript  436 


9b.  OTHER  REPORT  NOll)  (Any  othat  number*  that  may  bo  moolftod 
this  report) 


10.  DISTRIBUTION  1TATEMCMT  _  .  ,  ..  .  .  ,  ,  .  c. 

Qualified  requesters  may  obtain  copies  of  this  publication  from  DDC. 

Foreign  announcement  and  dissemination  of  this  publication  by  DDo  is  not  authorized. 
Release  or  announcement  to  the  public  is  not  authorized. 


12.  SPONSORING  MILITARY  ACTIVITY 

Department  of  the  Army 

Fort  Detrick,  Frederick,  Maryland,  21701 


MITRACT 

Methylated  bovine  serum  albumin  has  previously  been  shown  to  "mask"  reversibly 
the  infectivity  of  infectious  ribonucleic  acid  (IRNA)  from  Venezuelan  equine 
encephalitis  (VEE)  virus  and  to  protect  the  nucleic  acid  against  inactivation  by 
micrococcal  nuclease.  In  studies  reported  here,  the  effects  of  several  other  basic 
proteins  and  synthetic  polyamino  acids  on  the  infectivity  of  VEE-IRNA  and  eastern 
equine  encephalitis  virus  IRNA  have  been  compared.  Quantitative  differences  were 
observed  among  the  proteins  and  the  polyamino  acids  in  their  capacity  to  lower 
infectivity.  Polylysine  and  polyornithine  completely  masked  infectivity,  as 
measured  by  p.aque  formation,  when  present  in  only  0.01  to  0.001  times  the 
concentration  required  for  proteins  to  be  effective.  The  original  infectivity  of 
the  IRNA  before  treatment  was  recovered  when  the  polylysine-IRNA  complex  was 
treated  with  pronase,  Indicating  that  the  presence  of  the  polyamino  acid  did  not 
degrade  the  infectious  unit.  Protection  of  IRNA  against  inactivation  by  pancreatic 
ribonuclease  was  also  demonstrated  In  the  presence  of  polylysine,  providing 
further  evidence  tha,.  a  complex  was  formed  between  the  nucleic  acid  and  the 
polyamino  acid. 
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